Objectives: To assess pain burden in neonates during their hospitalization in China and thus provide evidence for the necessity of neonatal pain management.
P ain is a frequent phenomenon among young children in neonatal intensive care units (NICUs). The physiological instability and underlying diseases of these neonates necessitate various invasive procedures, such as endotracheal intubation, heelstick, intravenous cannulation, arterial catheter, and nasal and tracheal suctioning. [1] [2] [3] As a result of medical and technological progress in developed countries, extremely premature neonates and term neonates with severe diseases often survive, even with life-threatening complications. The routine procedures for diagnosis and treatment frequently cause pain in newborns. Pain during the early days of life can have short-term and long-term impacts on these children in many developing systems, for example, on the nervous, endocrine, and cardiac systems. [4] [5] [6] [7] With growing awareness of the importance of adequate neonatal pain management the past several years, many developed countries such as the United States and Canada have established their own guidelines to alleviate pain and suffering in newborns. [8] [9] [10] [11] However, very little research has been conducted on this subject, and pain management in neonates is still an unevolved area in many developing countries, such as China. Neither physicians nor nurses have attended to pain concerns, as it is generally accepted that neonates cannot feel pain. Pain in neonates is thus neglected in hospitals. There are about 16.08 million births annually in China, 7% of which are hospitalized. 12 The guidelines of pain management, which are widely used in the NICUs in western countries, do not exist in China. Consequently, control strategies for pain management in neonates do not exist.
The effective strategies to improve pain management in neonates require a better understanding of the epidemiology of procedural pain. In this study, we present the painful experience (numbers, types, and analgesia) of neonates in an NICU in Nanjing Children's Hospital (Nanjing, China) and investigate the factors that affect pain frequency.
PARTICIPANTS AND METHODS

Participants
This is a prospective case series conducted in an NICU in Nanjing Children's Hospital, a tertiary care center affiliated to Nanjing Medical University in southeast China. It is one of the largest NICUs in China with approximately 2500 to 3000 neonate admissions every year, 20% of which are in the NICU. To be eligible for the study, the newborns had to meet the following criteria: (1) admitted to the NICU during the recruitment period; and (2) admitted within 72 hours after birth. There were no exclusion criteria. Demographic data were obtained from the medical charts. In addition, the severity of illness was assessed by the Score for Neonatal Acute Physiology (SNAP-II). 13 The study was approved by the University Ethics Board, and written consents were obtained from parents of all participating infants.
Measurements
Bedside data pertaining to all painful procedures were collected around the clock for the neonates recruited during hospitalization between March and May 2009. The research team consisted of a neonatologist, a research nurse, a child health care expert, and 3 assistants with extensive research and clinical experience. A list of daily painful procedures was designed 1, 9, 14 and also included others considered painful by the clinicians or nurses, such as tracheal aspiration, nasal aspiration, removal of intravenous lines, removal of adhesive, as shown in Table 2 . The specifics of the painful procedures, for example, types, numbers, and sedatives or analgesic drugs, were also documented.
The Neonatal Facial Coding System (NFCS) 15 was used to evaluate pain by means of a video camera (Sony, HDR-SR12E). Daily digital video recordings of whole painful procedures were obtained each day. Three research assistants, who were experienced in assessing pain through facial expression, examined the video recordings and judged and rated the pain. According to the NFCS, pain was graded from 0 to 10, corresponding to an intensity of pain from zero to 10. To ensure accuracy, the averages of their scores were recorded. Interrater reliability was assessed among the 3 assistants: each of them was required to assess 500 pictures of facial expressions of the neonates. The k values were 0.76, 0.71, and 0.81, respectively. The order of the neonates appearing on the video recordings was random.
Statistics
Analysis was performed using SPSS version 13.0 in Windows (SPSS Inc., Chicago, IL). Values were expressed as means ± SD, unless stated elsewhere. Demographic data and pain experience were compared between groups using the unpaired t test (normally distributed data), or the Mann-Whitney U test (non-normally distributed data), or the Fisher exact test (categorical data). Pain frequencies at different days and gestational ages were compared using one-way analysis of variance and the least significant difference test. P value of <0.05 (2-tailed) was considered statistically significant.
RESULTS
Demographic Variables
A total of 138 neonates were eligible to participate during the study period. Parents declined participation for 16 infants (preterm, 12; term, 4). Four preterm and 5 term neonates discharged within 24 hours were excluded. Data were incomplete for 2 preterm and 3 term neonates. Thus, 108 neonate infants were finally included in the analysis. Table 1 shows the demographic characteristics of these neonates.
The Number and Type of Pain Experience
A total of 10,633 painful procedures were performed on 108 neonates during their hospitalization. Among these procedures, 6966 were performed on preterm neonates and the remaining 3667 were performed on term neonates. The median number of painful procedures for each preterm neonate was 100.0 (range, 11 to 544), and the median number of procedures per preterm neonate each day was 6.0 (range, 3 to 30). In the case of term neonates, the median number was 56.5 (range, 12 to 249), and the median number each day was 5.0 (range, 4 to 26). The average number of painful procedures was higher in preterm neonates compared with term neonates during hospitalization (Z = À 3.262, P = 0.001).
The types of painful procedures on preterm and term neonates are listed in Table 2 . Tracheal aspiration, nasal aspiration, and intravenous cannulation were most frequently used in preterm neonates, which covered 59.1% of all painful procedures, whereas intravenous cannulation, removal of intravenous lines, and adhesive removal were mostly used in term neonates, which covered 65.9% of all procedures.
Pain Assessment
Pain scores for the majority of painful procedures according to NFCS are shown in Table 3 . The average pain caused by each procedure ranged from 1.1 (laxative) to 7.0 (tracheal intubation). We found that all procedures except application of laxatives induced a moderate-to-severe amount of pain.
There was no significant difference in the pain scale between preterm neonates and term neonates for the same painful procedure (F = 0.317, P = 0.574). Of all the pain assessments performed, 5 term neonates subjected to tracheal intubation were excluded because the videotapes failed to show the infants' face clearly.
Analgesic Treatments
There were no valid guidelines for routine pain management in the NICUs in China at the time of this study. Thus, none of the total 10,633 painful procedures performed on the 108 neonates was accompanied by any analgesia or sedative treatment, nor was there nonpharmacological therapy.
The Impact of Gestational Age, Hospitalization, and Diseases on the Number of Painful Procedures Figure 1 showed the relationship between the number of painful procedures during the entire hospitalization period and gestational age at birth. Preterm neonates born at 28 and 29 weeks' gestational ages underwent significantly higher numbers of painful procedures compared with those born at other gestational ages (F = 18.343, P = 0.001). Moreover, different diseases had a clear impact on the number of painful procedures performed on the neonates. For preterm neonates, respiratory distress syndrome (RDS; 25.5%), interventricular hemorrhage (19.1%), and neonatal necrotizing enterocolitis (19.1%) accounted for a higher number of daily painful procedures compared with other diseases. However, for term neonates, the top 3 were RDS (25%), hypoglycemia (12.5%), and pneumonia (12.5%). Both preterm (F = 5.073, P = 0.001) and term neonates (F = 11.736, P = 0.001) experienced an increased number of painful procedures during their first 3 days of hospitalization than they did with the later stay. For each day of hospitalization, preterm neonates were subjected to higher numbers of painful procedures compared with term neonates (F = 71.136, P = 0.001).
DISCUSSION
To our knowledge, this is the first prospective case series study to investigate painful experience in neonates in China. Our results have shown that neonates admitted to NICUs of China are exposed to a large number of invasive painful procedures during their hospitalization, especially during the first 3 days. Preterm neonates, particularly those born at 28 and 29 weeks' gestational age, experience more painful procedures than do term neonates. Furthermore, none of these painful procedures are accompanied by any analgesia. There is evidence that these repeated painful procedures in the neonatal period not only lead to shortterm and long-term changes in sensitivity to pain 6, 16 but may also be associated with a variety of neurodevelopment, behavioral, and cognitive deficits in later childhood. 17, 18 Hence, pain in neonates requires immediate attention from pediatricians and nurses in China.
In this study, a group of 108 preterm and term neonates underwent a total of 10,633 painful procedures (a median of 62 per neonate) during their hospitalization. Our results show a higher average number of total painful procedures received by each neonate compared with the results of previous single-center studies in other countries. For example, Barker The difference is probably due to the more extensive checklists that we used in order to record the painful procedures and the relatively longer stay in hospital. Several factors play an important role in the number of painful procedures performed on a neonate. According to the survey, preterm neonates experience more painful procedures compared with term neonates, especially those born at 28 and 29 weeks' gestational age. Previous studies have also confirmed that 31 weeks' gestational age is a dividing line for higher numbers of painful procedures for neonates. 19 Experiencing common complications associated with premature birth, like breathing difficulties and nutrient defects, most preterm neonates need ventilation, support, and longer time infusion of parenteral nutrition. 21 Such complications inevitably increase the number of painful procedures. Moreover, the neonates who have RDS receive more frequent painful procedures because of the use of ventilation and pulmonary surfactant.
The previous survey in France suggested that the frequency of painful procedures did not markedly decrease during the intensive care unit stay. 1 However, we found that most invasive painful procedures are given to both preterm and term neonates within the first 3 days of hospitalization. This situation is quite typical in China, as neonates receive intensive care, monitoring, diagnostic evaluation, and treatment during the first couple of days. Therefore, special efforts toward pain management should be made for preterm neonates during the first several days of admission.
Consistent with the results of previous studies in which pain was rated by a visual analog scale, 2,22,23 we have shown that tracheal intubations and femoral venous puncture are severely painful procedures. We have also revealed that tracheal aspiration and intravenous cannulation are the most frequent types of painful procedures among preterm and term infants, respectively, which is in agreement with the findings of Carbajal et al, 1 Benis and Suresh, 20 and Simons et al. 2 However, Barker and Rutter, 19 Johnston et al, 24 and Porter and Anand 3 claim that heelstick is used in the majority of painful procedures. The heelstick, however, is declining in use, and it is being increasingly replaced by venipuncture or intravenous cannulation, which are less painful and more efficient procedures and require less sampling. 9, 25, 26 We, as well as other researchers, have shown that neonates in an NICU certainly experience pain through different clinical procedures. Despite its prevalence, pain in neonates is often underestimated and undertreated in many countries. Even in some western countries, only 35% to 51% of neonates received analgesia or sedative among 20.8% of painful procedures. 1, 2 In recent times, increasingly more emphasis has been placed on neonatal pain management in the NICU of many developed countries. Thus, good pain management must be implemented for neonates in China and other countries with similar practices.
One limitation of our study is the representation of the cohort. Our study is just a single-center case series survey; therefore, it may not represent the situation in China as a whole. In the future, we will plan to extend our study cohort and cooperate with other NICUs to map the epidemiology of neonatal pain in China. Another limitation lies in the fact that our documents of pain exposure do not distinguish the successful and unsuccessful attempts for each painful procedure. Thus, it is difficult to correctly assess those painful procedures that have a lower success rate, as adequate training of these types of procedures may effectively reduce the number of attempts.
In conclusion, we show that the neonates in an NICU in China are subjected to a large number of painful procedures, many of which occur during the first 3 days of hospitalization. Preterm neonates, especially those born at 28 and 29 weeks' gestational age, experience more frequent painful procedures compared with their older counterparts. Notably, none of the painful procedures are accompanied by analgesia or sedatives. We believe that our data and analysis in neonatal pain can bring more attention to this field. It is hoped that our work will lead to the establishment of guidelines for neonatal pain management in China and other developing countries.
